Abstract. Dyscalculia stands for a brain-based condition that makes it hard to make sense of numbers and mathematical concepts. Some adolescents with dyscalculia cannot grasp basic number concepts. They work hard to learn and memorize basic number facts. They may know what to do in mathematical classes but do not understand why they are doing it. In other words, they miss the logic behind it. However, it may be worked out in order to decrease its degree of severity. For example, disMAT, an app developed for android may help children to apply mathematical concepts, without much effort, that is turning in itself, a promising tool to dyscalculia treatment. Thus, this work focuses on the development of an Intelligent System to estimate children evidences of dyscalculia, based on data obtained on-the-fly with disMAT. The computational framework is built on top of a Logic Programming framework to Knowledge Representation and Reasoning, complemented with a Case-Based problem solving approach to computing, that allows for the handling of incomplete, unknown, or even contradictory information.
Introduction
Dyscalculia can be defined as a mathematical learning disability that affects the ability to perform operations and make the proper use of arithmetic. Frequently described as the dyslexia or blindness for numbers, the dyscalculia is hard to be well-diagnosed, despite the incidence on 6 to 7% in the population [2] . Besides affecting the realization of simple calculations with two digits and basic operations (i.e., addition, subtraction, multiplication and division), dyscalculia also influences tasks such as to distinguish left from right, to tell the time, or even to count money/cash. Since this specific developmental disorder can be reflected in various areas of mathematic, dyscalculia may be set in six sub-areas taking into account the most affected areas [3] , namely:
Lexical dyscalculia -troubles in reading mathematical symbols; Verbal dyscalculia -troubles in naming mathematical quantities, numbers and symbols; Graphic dyscalculia -troubles in writing mathematical symbols; Operational dyscalculia -troubles in performing mathematical operations and calculus; Practognostic dyscalculia -troubles in enumerating, manipulating and comparing real objects and pictures; and Ideagnostic dyscalculia -troubles in mental operations and understanding mathematical concepts.
Furthermore, dyscalculia can also be classified according to the state of neurological immaturity [4, 5] , i.e.:
A former state, related with the individuals that react favorably to therapeutically intervention; A second one, associated to the individuals who have other learning disabilities; and A last one, linked to the individuals that feature an intellectual deficit caused by a neurological injury(ies).
Dyscalculia is irreversible, i.e., the disorder cannot be treated, but can be worked out in order to decrease its degree of severity. Therefore, the therapeutics must use attractive methods to help the children to deal with the mathematical issues [6] . In order to meet this challenge an android app, disMAT, was developed in order to improve the arithmetic skills of children through simple tasks that look at their weak spots, like measures, without much effort, obligation nor awareness, turning this support system into a promising tool [1] . This app is also attractive with respect to the fact that children nowadays are keeping up with the technologic era, carrying their tablets and smartphones everywhere to entertainment. This paper addresses the theme of dyscalculia and describes an attempt to diagnosis this disorder using a Case-Based Reasoning (CBR) approach to problem solving [7, 8] . The app disMAT was applied to a group of children, and some parameters were recorded aiming to build up a knowledge base. To set the structure of the information and the associate inference mechanisms, a computational framework centered on a Logic Programming (LP) based approach to knowledge representation and reasoning was used. It handles of unknown, incomplete, or even contradictory data or knowledge [9] .
Background

Knowledge Representation and Reasoning
LP has been used for knowledge representation and reasoning in different areas, like Model Theory [10, 11] , and Proof Theory [12, 13] . In the present work the proof theoretical approach is followed in terms of an extension to LP. An Extended Logic Program is a finite set of clauses in the form:
where "?" is a domain atom denoting falsity, the p i , q j , and p are classical ground literals, i.e., either positive atoms or atoms preceded by the classical negation sign [12] . Under this formalism, every program is associated with a set of abducibles [10, 11] , given here in the form of exceptions to the extensions of the predicates that make the program. The term scoring value stands for the relative weight of the extension of a specific predicate with respect to the extensions of the peers ones that make the overall program. In order to evaluate the knowledge that can be associated to a logic program, an assessment of the Quality-of-Information (QoI), given by a truth-value in the interval [0, 1], that stems from the extensions of the predicates that make a program, inclusive in dynamic environments [14, 15] . The objective is to build a quantification process of QoI and DoC (Degree of Confidence), being the latter a measure of one's confidence that the argument values or attributes of the terms that make the extension of a given predicate, with relation to their domains, fit into a given interval [16] . The DoC is evaluated as depicted in Fig. 1 and computed using , where stands for the argument interval length, which was set in the interval [0, 1]. The scheming procedure is better understood looking at. Thus, the universe of discourse is engendered according to the information presented in the extensions of such predicates, according to productions of the type: (1) where and m stand, respectively, for set union and the cardinality of the extension of predicate i . QoI i and DoC i stand for themselves [9] . As an example, let us consider the logic program given by:
(once the universe of discourse is set in terms of the extension of only one predicate) where denotes a null value of the type unknown. It is now possible to split the abducible or exception set into the admissible clauses or terms and evaluate their QoI i . A pictorial view of this process is given below (Fig. 2) as a pie chart.
Case-Based Reasoning
A CBR methodology for problem solving stands for an act of finding and justifying the solution to a given problem based on the consideration of similar past ones, by reprocessing and/or adapting their data or knowledge [8, 9] . In CBR -the cases -are stored in a Case Base, and those cases that are similar (or close) to a new one are used in the problem solving process. There are examples of its use in The Law with respect to dispute resolution [17] , in Medicine [18] , among others. The typical CBR cycle presents the mechanism that should be followed to have a consistent model. The first stage consists in the initial description of the problem. The new case is defined and it is used to retrieve one or more cases from the repository. At this point it is important to identify the characteristics of the new problem and retrieve cases with a higher degree of similarity to it. Thereafter, a solution for the problem emerges, on the Reuse phase, based on the blend of the new case with the retrieved ones. The suggested solution is reused, i.e., adapted to the new case, and a solution is provided [7, 8] . However, when adapting the solution it is crucial to have feedback from the user, since automatic adaptation in existing systems is almost impossible. This is the Revise stage, in which the suggested solution is tested by the user, allowing for its correction, adaptation and/or modification, originating the test repaired case that sets the solution to the new problem. The test repaired case must be correctly tested to ensure that the solution is indeed correct. Thus, one is faced with an iterative process since the solution must be tested and adapted while the result of applying that solution is inconclusive. During the Retain (or Learning) stage the case is learned and the knowledge base is updated with the new case [7, 8] .
Despite promising results, the current CBR systems are neither complete nor adaptable enough for all domains. In some cases, the user is required to follow the similarities method used by the system, even if it do not fit into their needs [9] . Moreover, other problems may be highlighted. Moreover, the existent CBR systems have limitations related to the capability of dealing with unknown, incomplete and contradictory information.
Methods
The data was taken from the evaluation of 148 (one hundred forty eight) children of a primary school in the north of Portugal who played the disMAT app. For each participant was recorded the age, the number of game levels completed, the minimum score obtained, as well as the maximum score, the response time in each of the three levels and the classification of understanding and doing difficulties through the game. This section demonstrates how the information comes together and how it is processed.
Fig. 2.
QoI's values for the abducible set of clauses referred to above, where the clauses cardinality set, K, is given by the expression . 
A Logic Programming approach to Data Processing
The knowledge database is given in terms of the extensions of the relations depicted in Fig. 4 , which stand for a situation where one has to manage information about children evidences of dyscalculia. The knowledge base includes features obtained by both objective and subjective methods. Under this scenario some incomplete and/or unknown data is also present. For instance, the Level 2 Response Time in case 1 is unknown, which is depicted by the symbol , while Level 3 Response Time ranges in the interval [0, 6] . The Understanding and Doing Difficulties columns ranges in the interval [0, 2], wherein 0 (zero), 1 (one) and 2 (two) denote, respectively, easy, medium and hard.
Applying the algorithm presented in [9, 16] to the fields that make the knowledge base for dyscalculia diagnosis (Fig. 4) , excluding of such a process the Description ones, and looking to the DoC s values obtained, it is possible to set the arguments of the predicate dyscalculia_diagnosis (dys_diag) referred to below, that also denotes the objective function with respect to the problem under analyze.
where 0 (zero) and 1 (one) denote, respectively, the truth values false and true. 
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Results and Discussion
Sample Characterization
A total of 148 children were enrolled in this study with an age average of 8.6 years, ranging from 5 to 10 years old. The gender distribution was 59.2% and 40.8% for female and male, respectively.
Case-Based Approach
Contrasting with other problem solving methodologies (e.g., those that use Decision Trees or Artificial Neural Networks), relatively little work is done offline [14] . Undeniably, in almost all the situations, the work is performed at query time. The main difference between this new approach and the typical CBR one relies on the fact that all the cases have their arguments set to the interval [0, 1] having in consideration their domains. On the one hand, this stands for a new approach to Speculative Computation [15, 16] , understood as an estimate of one's confidence that an unknown value of a given attribute falls within a given range. Consequently, it is irrelevant if all attributes are independent or not. On the other hand, the Case Base will be given in terms of triples in the form:
where Raw data and Normalized data stand for themselves, and Description data is made on a set of strings or even free text, which may be analyzed with String Similarity Algorithms.
When confronted with a new case, the system is able to retrieve all cases that meet such a structure and optimize such a population, i.e., it considers the attributes DoC's value of each case or of their optimized counterparts when analysing similarities among them. Thus, under the occurrence of a new case, the goal is to find similar cases in the Case Base. Having this in mind, the algorithm given in [9, 16] Thus, the new case can be depicted on the Cartesian plane in terms of its QoI and DoC, and through clustering techniques, it is feasible to identify the clusters that intermingle with the new one (symbolized as a star in Fig. 5 ). The new case is compared with every retrieved case from the cluster using a similarity function sim, given in terms of the average of the modulus of the arithmetic difference between the arguments of each case of the selected cluster and those of the new case (once Description stands for free text, its analysis is excluded at this stage). Thus, one may have:
Assuming that every attribute has equal weight, the dissimilarity between and the , i.e., , may be computed as follows: Thus, the similarity for is 1 -0.17 = 0.83. Regarding QoI the procedure is similar, returning . With these similarity values it is possible to get a global similarity measure, i.e., These procedures should be applied to the remaining cases of the retrieved cluster in order to obtain the most similar ones, which may stand for the possible solutions to the new problem.
Conclusions
This work presents an intelligent decision support system to estimate children evidences of dyscalculia based on the use of android app disMAT. It is centred on a formal framework based on LP for Knowledge Representation and Reasoning, complemented with a CBR approach to problem solving that caters for the handling of incomplete, unknown, or even contradictory information. Under this approach the cases' retrieval and optimization phases were heightened and the time spent on those tasks shortened in 12.3%, when compared with existing systems. On the other hand, the overall accuracy was around 86.4%. Additionally, under this approach the users may define the weights of the cases' attributes on-the-fly, letting them to choose the most appropriate strategy to address the problem (i.e., it gives the user the possibility to narrow the search space for similar cases at runtime). 
